Introduction
============

Major depressive disorder (MDD) is a common psychiatric disorder and a leading cause of disability worldwide. However, the etiology of MDD and the mechanisms of antidepressant treatment have not been clearly elucidated.

MicroRNAs (miRNAs) are small noncoding single-stranded RNAs, which are believed to regulate the expression of target mRNA by binding to sites of antisense complementarity in 3′ untranslated regions (3′ UTRs).[@b1-ndt-14-715] miRNAs play a fundamental role in the development of brain and influence neuronal and circuit formation by negatively regulating gene expression.[@b2-ndt-14-715] Increasing evidence has shown that the dysfunction of miRNAs and their targets may be critically involved in MDD and related disorders.[@b2-ndt-14-715],[@b3-ndt-14-715] Among miRNAs, miR-124 is the most abundant miRNA in the adult brain and plays an important role in neuronal differentiation, neurogenesis, and neuronal regeneration.[@b4-ndt-14-715] miR-124 regulates key genes for MDD such as regulator of G protein signaling 4 (*RGS4*), SRY-box 9 (*SOX9*), nuclear receptor subfamily 3 group C member 1 (*NR3C1*), AKT1 substrate 1 (*AKT1S1*), glutamate ionotropic receptor AMPA-type subunit 3 and subunit 4 (*GRIA3* and *GRIA4*).[@b5-ndt-14-715]--[@b7-ndt-14-715] It also regulates key pathways, such as brain-derived neurotrophic factor--TrkB, glucocorticoid receptor, and Jagged-1--Notch signaling pathways.[@b3-ndt-14-715],[@b8-ndt-14-715],[@b9-ndt-14-715] These genes and pathways could be involved in the top-down and bottom-up pathophysiological mechanisms of MDD.

Emerging evidence has demonstrated that dysregulation of miR-124 expression occurs in rodent depression models,[@b10-ndt-14-715] in the postmortem brain tissue of depressed patients, and in the serum of depressed subjects.[@b5-ndt-14-715] Bahi et al[@b3-ndt-14-715] found that hippocampal miR-124 overexpression exacerbated stress-induced depression-like behavior. Moreover, an antidepressant-like effect, such as less immobile and more active in swimming behavior, was observed when miR124a silencers were injected into the hippocampus.[@b3-ndt-14-715] Furthermore, our recently published data demonstrated that expression levels of miR-124 in peripheral blood mononuclear cells of patients were significantly higher than those in controls and significantly downregulated after 8 weeks of treatment.[@b11-ndt-14-715] Therefore, we speculate that miR-124 may be associated with MDD pathogenesis and antidepressant efficacy.

Three miRNA genes including *MIR124-1* (8p23.1), *MIR124-2* (8q12.3), and *MIR124-3* (20q13.33) encode miR-124 in the human genome. A functional single-nucleotide polymorphism (SNP) rs531564 (g.9.903.189C\>G) located in the pri-miRNA region of the *MIR124-1* gene led to the different expression levels of the mature miR-124.[@b12-ndt-14-715] Several studies have evaluated the association of rs531564 with Alzheimer's disease and aggressiveness.[@b12-ndt-14-715],[@b13-ndt-14-715] However, whether rs531564 is associated with MDD susceptibility and antidepressant treatment is unclear.

*RGS4*, one of the validated target genes of miR-124, is widely distributed and highly expressed in many brain regions, including the cerebral cortex, striatum, thalamus, and brainstem nuclei.[@b14-ndt-14-715] *RGS4* is known to regulate post-receptor signaling cascades for vast G-protein-coupled receptors (GPCRs), including serotonin, adrenergic, dopamine, muscarinic, and opioid receptors. Guilloux et al found that *RGS4* gene expression was downregulated in the amygdala of postmortem MDD subjects.[@b15-ndt-14-715] Stratinaki et al found robust upregulation of *RGS4* expression in postmortem brain tissue of MDD patients receiving standard antidepressant medications that target monoamine systems, and similar results were found in mouse models.[@b16-ndt-14-715] Therefore, we speculate that *RGS4* is involved in the pathology of MDD and a potential target for antidepressant treatments.

Polymorphisms in 3′ UTRs of genes may affect miRNA binding to specific mRNAs and contribute to the risk of diseases.[@b7-ndt-14-715] rs10759 polymorphism, located in the 3′ UTRs of *RGS4* gene, was found to increase the risk of schizophrenia by altering the binding of miRNA-124 to its target ([Figure 1](#f1-ndt-14-715){ref-type="fig"}).[@b7-ndt-14-715] In addition, Buckholtz et al found that rs951436, another polymorphism of the *RGS4* gene, was associated with regionally specific reductions in the structural volume of gray and white matter, which is involved in mood, movement, and cognition.[@b17-ndt-14-715] Therefore, we questioned whether the two SNPs of *RGS4* were associated with MDD and antidepressant efficacy in the Chinese population.

The aim of the present study was to investigate the association of the functional SNP rs531564 of the *MIR124-1* gene and the two SNPs (rs10759 and rs951436) of its target gene *RGS4* with MDD pathology and antidepressant treatment.

Methods
=======

Participants
------------

The study population consisted of 225 outpatients from Shanghai Mental Health Center, China. All subjects were assessed by trained psychiatrists using the Structured Clinical Interview for *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition* (*DSM-IV*) Axis-I Disorders. The inclusion criteria were as follows: 1) Han ethnicity, 2) age 18--65 years, and 3) the scores of the 17-item Hamilton Rating Scale for Depression (HAMD-17) ≥18. The exclusion criteria included: 1) additional current *DSM-IV* Axis-I Disorders, including schizophrenia, bipolar disorder, anxiety disorder, mental retardation, current/past alcohol, or drug abuse-related disorders; 2) severe physical illness that could be etiologically related to the ongoing depressive episode; 3) serious suicide risk; and 4) women who are pregnant or lactating.

An additional 436 normal subjects of Han ethnicity were recruited as controls. Subjects who had severe physical illness or a history of any Axis-I psychiatric disorder, or whose first-degree relatives had psychiatric disorders, were not included.

All subjects participating in this study signed written informed consent. The ethics committee of Shanghai Mental Health Center (Shanghai, China) had approved this study.

Treatment and follow-up
-----------------------

Of the 147 patients initially recruited for treatment, 103 patients completed the 8-week study. Patients were treated with several antidepressant medications, including paroxetine (N=24), duloxetine (N=13), agomelatine (N=8), venlafaxine (N=13), and bupropion (N=45). All drugs were used as monotherapy in this study. All patients had a medication washout for a minimum of five half-lives of all current medications. No other medications, including antipsychotics, anxiolytics, or other antidepressants, were allowed in the study, except for medication for insomnia, such as zolpidem (N=1), zopiclone (N=4), or clonazepam (N=1). The daily antidepressant and insomnia drug doses were decided by clinicians based on clinical guidelines and patient responses. The clinical symptoms of the patients were evaluated regularly at baseline (week 0), week 2, week 4, week 6, and week 8 with the HAMD-17, the Montgomery--Åsberg Depression Rating Scale (MADRS), and the Clinical Global Impression (CGI) scale. The responders were defined as those with a 50% reduction in baseline Hamilton score at the end of week 8, while the remitters were defined as having an HAMD-17 score ≤7.

SNP genotyping
--------------

Genomic DNA was extracted from peripheral blood using a Tiangen DNA isolation kit (Blood genomic DNA extraction kit; Tiangen Biotech, Inc., Beijing, China). The three polymorphisms were genotyped using TaqMan assays (Thermo Fisher Scientific, Waltham, MA, USA). Standard polymerase chain reaction (PCR) for amplification was carried out in a 5 µL volume, containing 2.50 µL of master mix, 2.25 µL of DNA, and 0.25 µL of TaqMan probe. The PCR amplification was performed with an initial incubation at 95°C for 10 minutes, then 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. After amplification, the allele-specific fluorescence was measured on ABI PRISM^®^ 7900 Sequence Detection Systems (Thermo Fisher Scientific). The call rates of genotyping were above 98.9% for each SNP. For quality control, 10% of the samples were repeated, and the results were 100% consistent.

Statistical analysis
--------------------

Continuous variables of demographic data were expressed as mean ± standard deviation and determined by the independent samples *t*-test. Categorical variables of demographic data were presented as frequency in percent (%) and were analyzed by a chi-squared test. Hardy--Weinberg equilibrium (HWE) and the association analysis of allelic and genotypic frequencies between the MDD and control groups were performed on the SHEsis online software (<http://analysis.bio-x.cn/myAnalysis.php>).[@b18-ndt-14-715] SNPStats (<http://bioinfo.iconcologia.net/snpstats/start.htm>) was used for single marker analysis to calculate the odds ratio (OR) of each SNP, using age and gender as covariates.[@b19-ndt-14-715] QUANTO software (version 1.2.4.) (University of Southern California, Los Angeles, CA, USA) was used to calculate the statistic power of the case--control sample size, assuming the prevalence of MDD to be 2%[@b20-ndt-14-715] and the OR to be 1.5, as the minor allele frequency of the selected SNPs fluctuated from 17.3% to 44% and the power of the sample ranged from 80.82% to 93.62%. Gene--gene interactions were determined by multifactor dimensionality reduction (MDR) analysis.[@b21-ndt-14-715]

Chi-squared test was used to compare the allelic and genotypic distribution of the three polymorphisms between remitters and non-remitters and responders and non-responders. Overall repeated measures analysis of variance was performed to assess the effect of variants on HAMD percent change scores over 8 weeks of antidepressant treatment (genotype as fixed factor, weeks as repeated measures), and age and gender were included as covariates. These statistical analyses were performed using SPSS (version 19; IBM Corporation, Armonk, NY, USA). Results were considered significant with an alpha level \<0.05 (two-sided test). Bonferroni correction was applied by multiplying the *p*-values by the number of SNPs. With this level of significance, for single marker analysis in our sample, we had a power of 0.80 to detect a medium effect size of d=0.395, which corresponded to a difference of approximately 10.02% HAM-D reduction between two main genotype variants and to an explained variance of \~3.6%.[@b22-ndt-14-715]

Results
=======

Demographic and clinical characteristics of subjects
----------------------------------------------------

There was a significant difference in gender distribution between MDD patients (82 males and 143 females) and healthy controls (152 males and 284 females, *p*=0.000). No difference was detected in age between MDD patients and healthy controls (36.56±12.46 vs 38.38±11.65, *p*=0.063).

Of the 147 patients, 103 completed the 8-week follow-up, two withdrew because of adverse events, eight withdrew because of improvement, and 34 for other reasons or were lost to follow-up. The demographic data of patients with MDD who completed 8-week antidepressant treatment are summarized in [Table 1](#t1-ndt-14-715){ref-type="table"}. There was no significant difference in gender distribution, duration of current episode, duration of illness, baseline HAMD score, baseline MADRS scores, and baseline CGI scores between responders and non-responders as well as remitters and non-remitters. The mean age for remitters was significantly greater than that for non-remitters (t=2.334, *p*=0.022), but no significant difference was found between responders and non-responders.

Association of SNPs with the risk of MDD
----------------------------------------

The distributions of allele frequencies for the three polymorphisms in patients and controls were in HWE (*p*\>0.05). There were no significant differences in the distribution of allelic and genotypic frequencies between case and control groups ([Table 2](#t2-ndt-14-715){ref-type="table"}).

Analysis of gene--gene interactions
-----------------------------------

Gene--gene interactions among three SNPs of *MIR124-1* (rs531564) and *RGS4* (rs10759, rs951436) genes were analyzed by MDR software, and these three SNPs were brought into the construction of the MDR model ([Table 3](#t3-ndt-14-715){ref-type="table"}). In the optimal model containing rs531564, rs10759, and rs951436 SNPs, the *p*-value was 0.0024, the accuracy of the sample test was 0.49, and the cross-validation consistency was 10/10. Values of ORs and 95% confidence interval (CI) indicated that the combined action could increase the risk of MDD (OR =1.67, 95% CI =1.20--2.33). As shown in [Figure 2A](#f2-ndt-14-715){ref-type="fig"}, we found a positive interaction effect of rs531564 in the *MIR124-1* gene and rs10759 in the *RGS4* gene with an interaction entropy of 0.14% and a negative interaction effect of rs10759 and rs951436 in *RGS4* with an interaction entropy of −0.13%. The interaction dendrogram demonstrated that rs531564 and rs10759 were estimated to have the strongest interaction synergy, as indicated visually by the red line ([Figure 2B](#f2-ndt-14-715){ref-type="fig"}). All the results indicated that there existed potential gene--gene interactions among *MIR124-1* and *RGS4* genes, and they might work together in the pathogenesis of MDD.

Association of rs951436 with response and remission status
----------------------------------------------------------

The association of antidepressants with the distribution of allelic and genotypic frequencies for the three polymorphisms (rs951436, rs531564, and rs10759) is shown in [Table 4](#t4-ndt-14-715){ref-type="table"}. A significant association was found in genotypic frequencies of rs951436 between the responder and non-responder groups (*χ*^2^=6.191, *p*=0.045) as well as between the remitter and non-remitter groups (*χ*^2^=7.216, *p*=0.026), but the significance disappeared after Bonferroni correction (correction *p*=0.135 and *p*=0.078, respectively). For further analysis, the rs951436 heterozygote carriers had threefold probabilities of achieving clinical complete remission (OR =3.00, 95% CI =1.33--6.76, *p*=0.007, correction *p*=0.021) and 3.21-fold probabilities of achieving clinical response (OR =3.21, 95% CI =1.13--9.14, *p*=0.022, correction *p*=0.066) as compared with rs951436 homozygotes (AA+CC) after 8-week treatment. In addition, there was a trend for G-allele carriers of rs10759 to have lower remission rates than homozygous TT (*χ*^2^=5.098, *p*=0.069, correction *p*=0.207).

No association was found in genotypic frequencies of the other two SNPs. There were no significant differences in the allelic frequencies of the three SNPs between responders and non-responders and remitters and non-remitters (*p*\>0.05).

Considering that insomnia medications may influence the antidepressant effect, the six patients taking insomnia drugs were removed for more precise analysis. Their removal did not affect the results reported here when comparing the three SNPs with response and remission status (data not shown).

Association of rs951436 with HAMD-17 score changes
--------------------------------------------------

Using the repeated measures analysis of covariance for HAM-D percent change scores from admission to week 8, no significant differences were found across the genotypes of the three polymorphisms (rs951436, rs531564, and rs10759) ([Figure S1](#SD1-ndt-14-715){ref-type="supplementary-material"}). For further analysis, the homozygous (AA+CC) of rs951436 showed a worse response to antidepressant treatment and had lower percent reduction of HAM-D scores over 8 weeks than heterozygous AC ([Figure 3](#f3-ndt-14-715){ref-type="fig"}), and significant associations were found at week 6 (AA+CC vs AC: 53.58±27.04 vs 61.34±21.54, t=−2.08, *p*=0.040) and week 8 (AA+CC vs AC: 60.17±29.56 vs 70.19±20.41, t=−2.404, *p*=0.018) after the adjustment of age and gender. However, this significance disappeared after Bonferroni correction (*p*~wk6~=0.120 and *p*~wk8~=0.054, respectively).

Likewise, for more precise analysis, we removed those six samples mentioned above for further analysis. After removing them, no results were significantly altered when comparing three SNPs with HAMD-17 score changes (data not shown).

Discussion
==========

To our knowledge, this is the first study to investigate the association of polymorphisms of *MIR124-1* (rs531564) and its target *RGS4* (rs10759 and rs951436) with MDD and antidepressant treatment. miR-124 is a brain-specific miRNA, which is highly expressed in the developing and adult nervous system.[@b4-ndt-14-715] rs531564 as a functional variant in *MIR124-1* gene can affect the expression levels of mature miR-124 and thus be involved in neuroplasticity and neurosignaling mechanisms.[@b12-ndt-14-715] Contrary to our expectations, we did not find an association of rs531564 with MDD and antidepressant efficacy in allelic and genotype frequencies. In some previous studies, it has also been reported that rs531564 was not associated with impulsiveness,[@b13-ndt-14-715] mesial temporal lobe epilepsy, or Alzheimer's disease.[@b12-ndt-14-715],[@b23-ndt-14-715] However, because of the limitation of sample size, false-negative results may occur, especially for the correlation between rs531564 and antidepressant response. Thus, these findings need to be validated in a larger sample.

*RGS4* modulates several GPCR signaling cascades that are suggested to have a major role in MDD and antidepressants.[@b24-ndt-14-715] Indeed, increasing evidence suggests that the expression level of *RGS4* is altered in patients with MDD and that antidepressant treatments reverse or normalize these effects.[@b15-ndt-14-715],[@b16-ndt-14-715] Bioinformatics analysis found that rs951436 was located in the binding sites for transcription factors, such as hepatocyte nuclear factor-6 or lymphoid enhancer binding factor 1/T-cell-specific factor within the putative promoter region of *RGS4*, which may play a role in transcription regulation.[@b25-ndt-14-715] Increasing evidence has demonstrated that rs951436 is involved in the susceptibility of some mental disorders, such as schizophrenia and bipolar disorder.[@b17-ndt-14-715],[@b26-ndt-14-715]--[@b28-ndt-14-715] However, in our study, we did not observe a significant association of rs951436 with MDD. To our knowledge, the association of *RGS4* polymorphisms with MDD and antidepressants was rarely studied, and only one study showed that rs951436 was not associated with the risk of treatment-resistant depression in Finland (n=119).[@b29-ndt-14-715] Our findings were in accordance with their results.

Although no statistically significant differences in allelic and genotypic frequencies were found between cases and control for the three polymorphisms separately, we found the association between the interaction of *MIR124-1* and target gene *RGS4* with MDD by using the MDR method. The best gene--gene interaction model identified was a three-locus model (*MIR124-1* rs531564, *RGS4* rs10759 and rs951436). On the one hand, *RGS4* is one of the validated target genes of miR-124, and rs10759, located in the 3′ UTRs of *RGS4* gene, can alter the binding of miRNA-124 to its target.[@b7-ndt-14-715] Therefore, there may be a functional connection between the two genes. On the other hand, since MDD is a complex psychiatric disease, we speculate that the individual genetic variants may just display minor marginal effects on its pathogenesis and are difficult to detect, or some of the components, such as *MIR124-1* and its target gene *RGS4*, may act synergistically in the development of MDD in ways we do not understand.

In our study, we found that the heterozygous (AC) of rs951436 may predict a better antidepressant efficacy. On the one hand, rs951436 might have a direct causal effect on response, but the presence of linkage disequilibrium between this SNP and other SNPs in this or other genes that might contribute to this effect is also possible. On the other hand, the reason for this phenomenon might be the positive heterosis effects. Recent studies have demonstrated that low *RGS4* expression may cause memory impairment and that overexpression can suppress both behavioral activity and phospho-ERK levels.[@b30-ndt-14-715],[@b31-ndt-14-715] These findings suggest that both over- and under-expression of *RGS4* may be deleterious to normal functioning. Ding et al found that genotypes AA, AC, and CC of rs951436 were associated with the lowest, moderate, and highest expression levels of *RGS4*, respectively.[@b25-ndt-14-715] Thus, it seems reasonable to suggest that *RGS4* heterozygotes may predict a superior antidepressant response.

We did not find the association of rs10759 with MDD, but we found a trend for G-allele carriers of rs10759 to have lower remission rates than homozygous TT. Given the marginal significance, it could mean that the marker makes only a very small contribution to antidepressant response, or it may be due to the relatively small sample. Thus, a larger sample size may be necessary to elucidate a more significant *p*-value.

There are several limitations of our study. First, the sample size was relatively small, especially for the sample size of drug-treated MDD patients. Even so, the statistical analysis showed that the count of the sample size between case and control was sufficient to calculate reliable results. Moreover, the power of the sample for drug-treated MDD patients was sufficient to detect that the effects of variance explained up to 3.6%. Although this is a good result, smaller effects could have been missed. Second, some confounding factors were not considered in the study -- including the dosages and categories of the antidepressant and insomnia drugs, first episode or recurrence, and body mass index -- that may have influenced the response to antidepressant treatment. Third, the SNPs we selected in this study may not provide complete coverage of the *MIR124-1* and *RGS4* genes. Therefore, our SNP selection method may decrease the power of the study compared with the tag SNP selection method.[@b32-ndt-14-715] We suggest that a variety of *MIR124-1* and *RGS4* gene polymorphisms are needed in future study to more fully test the association of these two genes and antidepressant treatment response.

In conclusion, our findings implied that an interaction effect of *MIR124-1* and *RGS4* polymorphisms may play a more important role than individual factors for MDD development. Moreover, this study provides preliminary evidence that *RGS4* gene polymorphisms may predict response to antidepressants in MDD in the Chinese population. However, because our samples are small, it will be necessary to replicate and confirm these findings in other independent studies using larger samples.

Supplementary material
======================

###### 

Percent reduction of Hamilton Rating Scale for Depression (HAMD) scores of antidepressant treatment across genotypes of rs10759 (**A**), rs531563 (**B**), and rs951436 (**C**). No significant differences were found between the three polymorphisms and antidepressant.
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![SNPs in *MIR124-1* and its target *RGS4* gene. Three polymorphisms: rs531564 (a functional SNP in *MIR124-1*), rs10759 (a microRNA-binding site SNP in *RGS4*), and rs951436 (a promoter SNP in *RGS4*).\
**Abbreviation:** SNP, single-nucleotide polymorphism.](ndt-14-715Fig1){#f1-ndt-14-715}

![Hierarchical interaction graphs and interaction dendrogram.\
**Notes:** (**A**) The values inside boxes indicate information gain (IG) of individual attributes or main effects, whereas values between the nodes exemplify IG of pairwise combinations of attributes or interaction effects. A positive entropy (plotted in red or orange) indicates interaction while a negative entropy (plotted in blue) indicates redundancy. (**B**) Interaction dendrogram shows that the red line represents synergy interaction and the green line represents synergy interaction more weakly. From left to right, the interaction was more intensive.](ndt-14-715Fig2){#f2-ndt-14-715}

![Percent reduction of HAMD-17 scores of antidepressant treatment across genotypes of rs951436.\
**Notes:** Heterozygous (AC) of rs951436 showed a better response to the antidepressant treatment at week 6 and week 8. The asterisk (\*) represents significant *p*-value.\
**Abbreviation:** HAMD-17, 17-item Hamilton Rating Scale for Depression.](ndt-14-715Fig3){#f3-ndt-14-715}

###### 

Demographic and clinical characteristics of subjects

  Characteristics                        Overall (N=103)   Remitters (N=55)   Non-remitters (N=48)   *χ*^2^ or t   *p*-value   Responders (N=82)   Non-responders (N=21)   *χ*^2^ or t   *p*-value
  -------------------------------------- ----------------- ------------------ ---------------------- ------------- ----------- ------------------- ----------------------- ------------- -----------
  Sex                                                                                                                                                                                    
   Male, n (%)                           48                25 (52.1)          23 (47.9)              0.062         0.803       36 (75.0)           12 (25.0)               1.178         0.278
   Female, n (%)                         55                30 (54.5)          25 (45.5)                                        46 (83.6)           9 (16.4)                              
  Age (years)                            36.56±12.46       37.42±12.64        32.27±9.69             2.334         **0.022**   35.09±11.72         34.76±11.40             0.113         0.910
  Duration of current episode (months)   17.32±46.94       17.35±53.36        17.29±38.54            0.006         0.995       18.08±51.48         14.05±17.78             0.318         0.751
  Duration of illness (months)           51.43±87.39       55.57±114.65       47.18±46.38            0.413         0.681       49.00±94.51         60.41±55.07             −0.461        0.646
  Baseline HAMD-17 scores                23.57±2.77        23.20±2.72         24.00±2.80             −1.468        0.145       23.46±2.71          24.00±3.03              −0.739        0.466
  Baseline MADRS scores                  30.11±4.61        30.11±4.59         30.10±4.68             0.005         0.996       30.09±4.65          30.19±4.59              −0.093        0.926
  Baseline CGI scores                    4.28±0.60         4.25±0.62          4.31±0.60              −0.486        0.628       4.28±0.61           4.29±0.56               −0.037        0.970

**Notes:** Bold number represents significant *p*-value. Data are presented as mean ± standard deviation unless otherwise indicated.

**Abbreviations:** HAMD-17, 17-item Hamilton Rating Scale for Depression; MADRS, Montgomery--Åsberg Depression Rating Scale; CGI, Clinical Global Impression.

###### 

Allele and genotype analysis of rs10759, rs531564, and rs951436 between cases and controls

  SNPs       N     Allele (%)    *χ*^2^        *p*-value   MAF (%)   Genotype (%)   *χ*^2^        *p*-value     OR (95% CI)                   
  ---------- ----- ------------- ------------- ----------- --------- -------------- ------------- ------------- ------------- ------- ------- -------------------
  rs10759          G             T                                                  GG            GT            TT                            
  Case       219   257 (0.587)   181 (0.413)   2.811       0.094     0.44           74 (0.338)    109 (0.498)   36 (0.164)    2.983   0.225   0.78 (0.51--1.19)
  Control    435   468 (0.538)   402 (0.462)                                        121 (0.278)   226 (0.520)   88 (0.202)                    
  rs531564         C             G                                                  CC            CG            GG                            
  Case       220   76 (0.173)    364 (0.827)   1.167       0.326     0.173          6 (0.027)     64 (0.291)    150 (0.682)   1.148   0.563   1.08 (0.39--2.96)
  Control    435   132 (0.152)   738 (0.848)                                        11 (0.025)    110 (0.253)   314 (0.722)                   
  rs951436         A             C                                                  AA            AC            CC                            
  Case       220   212 (0.482)   228 (0.518)   2.379       0.123     0.41           50 (0.227)    112 (0.509)   58 (0.264)    4.002   0.135   1.08 (0.73--1.60)
  Control    436   381 (0.437)   491 (0.563)                                        93 (0.213)    195 (0.447)   148 (0.339)                   

**Abbreviations:** MAF, minor allele frequency; OR, odds ratio; 95% CI, 95% confidence interval; SNPs, single nucleotide polymorphisms.

###### 

MDR models of gene--gene interactions

  Model                         Training bal. ACC   Testing bal. ACC   CV consistency   *χ*^2^   *p*-value   OR (95% CI)
  ----------------------------- ------------------- ------------------ ---------------- -------- ----------- -------------------
  rs951436                      0.5408              0.4881             8/10             4.1687   0.0412      1.46 (1.01--2.09)
  rs10759, rs531564             0.5533              0.4769             5/10             5.3841   0.0203      1.47 (1.06--2.04)
  rs10759, rs531564, rs951436   0.5676              0.4909             10/10            9.2385   0.0024      1.67 (1.20--2.33)

**Abbreviations:** MDR, multifactor dimensionality reduction; Training bal. ACC, training-balanced accuracy; CV consistency, cross-validation consistency; OR, odds ratio; 95% CI, 95% confidence interval.

###### 

The genotype and allele analysis of SNPs between remitters and non-remitters and responders and non-responders

                   Genotype[a](#tfn5-ndt-14-715){ref-type="table-fn"}   *χ*^2^   *p*-value[b](#tfn6-ndt-14-715){ref-type="table-fn"}   Corrected *p*-value[c](#tfn7-ndt-14-715){ref-type="table-fn"}   Allele      *χ*^2^   *p*-value                 
  ---------------- ---------------------------------------------------- -------- ----------------------------------------------------- --------------------------------------------------------------- ----------- -------- ----------- ----- ------- -------
  rs951436         AA                                                   AC       CC                                                                                                                                         A           C             
  Remitters        10                                                   34       10                                                    7.216                                                           **0.026**   0.078    54          54    0.000   1.000
  Non-remitters    15                                                   17       15                                                                                                                                         47          47            
  Responders       19                                                   45       16                                                    6.191                                                           **0.045**   0.135    83          77    1.082   0.298
  Non-responders   6                                                    6        9                                                                                                                                          18          24            
  rs531564         CC                                                   CG       GG                                                                                                                                         C           G             
  Remitters        2                                                    13       39                                                    1.342                                                           0.511       NS       17          91    0.408   0.523
  Non-remitters    1                                                    16       30                                                                                                                                         18          76            
  Responders       3                                                    23       54                                                    1.436                                                           0.488       NS       29          131   0.342   0.558
  Non-responders   0                                                    6        15                                                                                                                                         6           36            
  rs10759          GG                                                   GT       TT                                                                                                                                         G           T             
  Remitters        23                                                   21       10                                                    3.711                                                           0.156       NS       67          41    0.807   0.369
  Non-remitters    20                                                   24       3                                                                                                                                          64          30            
  Responders       34                                                   34       12                                                    2.035                                                           0.361       NS       102         58    0.410   0.522
  Non-responders   9                                                    11       1                                                                                                                                          29          102           

**Notes:**

The genotyping completing rate was 98.05% in a total of 103 samples.

Bold numbers represent significant *p*-value.

Calculated by Bonferroni's correction.

**Abbreviation:** NS, nonsignificant.
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